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(57) ABSTRACT 

An electric power steering apparatus is disclosed. The 
apparatus features a ?rst shaft and a second shaft connected 
by an elastic member. A?rst detecting member is coupled to 
the second shaft, and made of magnetic material With a 
plurality of radial notched portions de?ning a number of 
slots. Apair of second detecting members are coupled to the 
?rst shaft and positioned on both sides of the ?rst detecting 
member, and made of conductive and non-magnetic material 
With a plurality of radial notched portions de?ning a like 
number of slots. A pair of detecting coils are axially posi 
tioned on both sides of a set of the ?rst and second detecting 
members. A housing accommodates the ?rst and second 
detecting members, the detecting coils, and holds yokes in a 
?xed position. The largest outer diameter of the ?rst shaft is 
smaller than each of the inner diameters of the ?rst detecting 
member, the second detecting member and the yokes, 
thereby improving the assembling of the electric poWer 
steering apparatus. 

20 Claims, 8 Drawing Sheets 
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ELECTRIC POWER STEERING APPARATUS 
AND METHOD FOR PRODUCING THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an electric power steering appa 
ratus that detects steering torque transmitted by a steering 
shaft by a torque sensor, and provides steering assistance 
poWer in response to the torque detected by an electric 
motor, and a method for producing the same. 

2. Description of the Related Art 
It is knoWn that there is great demand for enhanced fuel 

economy in many ?elds, especially automobiles, from the 
vieWpoint of environmental protection. As a means for 
achieving this, use of a poWer steering apparatus poWered by 
an electric motor is being considered, and some electric 
poWer steering apparatuses have already been put into 
practical use. 

The electric poWer steering apparatus is disclosed in, for 
example, Japan Patent Publication (koukai) No. Heisei 
2-132336 (incorporated herein by reference). According to 
that publication, an input shaft (?rst shaft) and an output 
shaft (second shaft) are connected by an elastic member 
(torsion bar). A ?rst induction member and a second induc 
tion member, corresponding to a ?rst detecting member and 
a second detecting member, are mounted at the end of the 
input shaft and the output shaft for rotating thereWith so that 
the ?rst induction member and the second induction member 
are in opposition to one another. The induction members are 
discs or concentric cylindrical elements made of a conduc 
tive material, each member having sector-shaped cut-out 
portions. The sector-shaped cut-out portions of the tWo 
induction members are aligned for a predetermined starting 
torque. Detecting coils are mounted on both sides of the 
induction members and generate a high frequency oscillat 
ing magnetic ?eld. The magnetic ?eld induces eddy currents 
in the induction members. The eddy currents in the second 
induction member increase as the conduction material of the 
second member is exposed to the detecting coil through the 
cut-out portions of the ?rst induction member. Increases in 
the induced eddy currents cause decreases in inductivity of 
the detecting coil Which, When measured, constitute a mea 
sure of the transmitted torque. One of the detecting coils is 
used for detecting torque generated betWeen the input shaft 
and the output shaft, the other detecting coil is used for 
temperature compensation. Therefore, it is preferable that at 
least tWo detecting coils are provided for the electric poWer 
steering apparatus. Each detecting coil is stably ?xed to both 
sides of the induction members, by being ?xed to a housing. 

In the knoWn electric poWer steering torque sensor 
described above, the induction members are mounted at the 
input shaft and the output shaft and the detecting coils are 
?xed to the housing so that the induction members are 
sandWiched betWeen the detecting coils. This design is 
complicated to assemble. In light of this problem, an electric 
poWer steering torque sensor that can be easily installed on 
the steering column during vehicle assembly is desired. 

SUMMARY OF THE INVENTION 

According to an embodiment of the present invention an 
improved electric poWer steering apparatus is provided. The 
electric poWer steering apparatus comprises, a ?rst shaft, a 
second shaft, an elastic member connected to the ?rst shaft 
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2 
at an end of the elastic member and connected to the second 
shaft at the other end of the elastic member, an electric motor 
for generating steering assistance poWer, the electric motor 
having an output shaft, a Worm shaft connected to the output 
shaft of the electric motor, a Worm Wheel provided on the 
second shaft, the Worm Wheel meshing With the Worm shaft 
so that the steering assistance poWer is transmitted from the 
electric motor to the second shaft, a ?rst detecting member 
provided to the second shaft, the ?rst detecting member 
being made of magnetic material, the ?rst detecting member 
having a plurality of radial notched portions that de?ne a 
?rst set of slots, the ?rst set of slots provided on at least one 
side of the ?rst detecting member so that of the slots are 
equally space radially about the ?rst detecting member, a 
pair of second detecting members provided on both sides of 
the ?rst detecting member so that the ?rst detecting member 
is sandWiched axially betWeen the tWo second detecting 
members, the second detecting member being made of a 
conductive and non-magnetic material, the second detecting 
member having a plurality of radial notched portions that 
de?ne a second set of slots equally spaced radially about the 
second detecting members, a pair of detecting coils axially 
disposed on either side of the ?rst detecting member and the 
second detecting members so that the set of the ?rst detect 
ing member and the second detecting members are sand 
Wiched betWeen the detecting coils, the detecting coils 
detecting a variation of torque generated betWeen the ?rst 
shaft and the second shaft, Wherein the variation of torque is 
detected by measuring the variation in impedance in the 
detecting coils Which varies according to the amount of over 
lap betWeen the ?rst slots and the second slots, a pair of 
yokes made of magnetic material, each of the yokes accom 
modating the detecting coil so that the yoke surrounds the 
detecting coil, a housing accommodating the ?rst detecting 
member, the second detecting members, the detecting coils, 
and the yokes, Wherein the yokes are ?xed to the housing, 
Wherein the largest outer diameter of the ?rst shaft is smaller 
than each of an inner diameter of the ?rst detecting member, 
the second detecting member and the yokes. 

According to another aspect of the present invention, a 
method for assembling an electric poWer steering apparatus 
is provided. The method of assembling an electric poWer 
steering apparatus comprises the steps of connecting a ?rst 
shaft to an end of an elastic member, connecting a second 
shaft to the other end of the elastic member, the second shaft 
having a Worm Wheel, thereafter assembling an electric 
motor for generating steering assistance poWer, the electric 
motor having an output shaft and a Worm shaft connected to 
the output shaft of the electric motor, the Worm Wheel 
meshing With the Worm shaft so that steering assistance 
poWer is transmitted from the electric motor to the second 
shaft, installing a torque sensor on the ?rst shaft and the 
second shaft, Wherein the torque sensor comprises, a ?rst 
detecting member provided on the second shaft, the ?rst 
detecting member being made of magnetic material and 
having a plurality of radial notched portions that de?ne ?rst 
slots, the ?rst slots provided on at least one side of the ?rst 
detecting member so that the ?rst slots are spaced around the 
?rst detecting member, a pair of second detecting members 
provided on both sides of the ?rst detecting member so that 
the ?rst detecting member is axially sandWiched betWeen the 
second detecting members, the second detecting member 
being made of conductive and non-magnetic material and 
having a plurality of radial notched portions that de?nes 
second slots so the second slots are spaced around the 
second detecting members, a pair of detecting coils axially 
provided on both sides of the ?rst detecting member and the 
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second detecting member so that the ?rst detecting member 
and the second detecting members are sandWiched betWeen 
the detecting coils, the detecting coils being capable of 
detecting a variation of torque generated betWeen the ?rst 
shaft and the second shaft based on a change in impedance 
of the detecting coils Wherein the change in impedance 
varies according to a variation of an over lap betWeen the 
?rst slots and the second slots, a pair of yokes made of 
magnetic material, each of the yokes accommodating one of 
the detecting coils so that each yoke surrounds the one of the 
detecting coil, and thereafter attaching a housing accommo 
dating the ?rst detecting member, the second detecting 
members, the detecting coils, and the yokes, Wherein the 
yokes are ?Xed to the housing, Wherein the largest outer 
diameter of the ?rst shaft is smaller than each of inner 
diameters of the ?rst detecting member, the second detecting 
member and the yokes. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are eXem 
plary and explanatory only, and are not restrictive of the 
invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects and advantages of the 
present invention Will become apparent from the folloWing 
description, appended claims, and the accompanying eXem 
plary embodiments shoWn in the draWings, Which are brie?y 
described beloW. 

FIG. 1 is a diagrammatic vieW of an electric poWer 
steering apparatus of the present invention; 

FIG. 2 is a vertical cross sectional vieW of an electric 
poWer steering apparatus of the present invention; 

FIG. 3 is an eXploded vieW of the electric poWer steering 
apparatus of the present invention; 

FIG. 4 is an enlarged oblique vieW of a ?rst detecting 
member of the electric poWer steering apparatus of the 
present invention; 

FIG. 5 is an enlarged cross sectional vieW of various 
elements of the electric poWer steering apparatus of the 
present invention; 

FIG. 6 is a front vieW of an input shaft (?rst shaft) for the 
electric poWer steering apparatus of the present invention; 

FIG. 7 is a top vieW of a second detecting member for the 
electric poWer steering apparatus; 

FIG. 8 is a vertical cross sectional vieW of the second 
detecting member taken on line VIII—VIII of FIG. 2; 

FIG. 9 is an oblique vieW of the second detecting member 
for the electric poWer steering apparatus of the present 
invention. 

DETAILED DESCRIPTION 

An electric poWer steering apparatus according to pre 
ferred embodiments Will noW be described With reference to 
the draWings. FIG. 1 is a diagrammatic vieW of an electric 
poWer steering apparatus of the present invention. As shoWn 
in FIG. 1, a steering Wheel SW is connected to one end (the 
upper end in FIG. 1) of a steering shaft S, and the other end 
of the steering shaft S (the loWer end in FIG. 1) is connected 
to vehicle Wheels TR and TL via a rack-and-pinion type 
steering gear SG or the like and a tie-rod T. The steering 
shaft S rotates by operation of the steering Wheel SW, and 
this rotation is transmitted to the steering gear SG Which 
converts the rotation of the steering Wheel SW into a 
rectilinear motion of a rack R. This rectilinear motion is 
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4 
transmitted to the vehicle Wheels TR and TL via the tie-rod 
T. An electric motor M is connected to a pinion P via a Worm 
gear WG. A gear housing GH supports and encloses the rack 
R and the pinion P therein. The electric motor M generates 
steering assistance poWer for manual steering in response to 
torque transmitted by the steering shaft S. The electric motor 
M is controlled by an electronic control unit ECU installed 
in the vehicle. Based on a torque signal sent from torque 
sensor TS, the electronic control unit ECU sends a control 
signal to the electric motor M. Abattery B supplies electric 
poWers to the electronic control unit ECU, and the electric 
motor M via a relay Ry. The relay Ry has a protective feature 
that releases the electric circuit from the battery in the event 
of a failure. 

The structure of the torque sensor TS of the electric poWer 
steering apparatus Will be described With reference to FIGS. 
2 to 9. FIG. 2 is a vertical cross sectional vieW of the electric 
poWer steering apparatus of the present invention; FIG. 3 is 
an exploded vieW of the same. In FIGS. 2 and 3, the electric 
poWer steering apparatus comprises a housing 1, an input 
shaft (?rst shaft) 2, an output shaft (second shaft) 3, a torsion 
bar (elastic member) 4, a ?rst detecting member 5, a pair of 
second detecting members 6 and 7, a detecting coil for 
detecting torque (detecting coil) 8, a detecting coil for 
temperature compensation (detecting coil) 9, a ?rst spacing 
member 10, a second spacing member 11, disk spring 12, a 
Worm Wheel 13, and a Worm shaft 14. 

Turning to the housing 1 of the torque sensor TS, the 
housing 1 is made up of a ?rst housing 110, an intermediate 
housing 120 and a second housing 130. The ?rst housing 110 
mainly supports and encloses the torque sensor TS. The 
intermediate housing 120 mainly supports and encloses the 
Worm gear WG. The second housing 130 mainly supports 
and encloses the rack-and-pinion type steering gear R and P. 
The combined housing 1 also encloses most of the input 
shaft 2-output shaft 3 assembly. 
The intermediate housing 120 has a large inner diameter 

portion 120a at an upper portion of the inter mediate housing 
120. AloWer end peripheral portion 110a of the ?rst housing 
110 is inserted into the large inner diameter portion 120a of 
the intermediate housing 120, Where a ?ange portion 110b is 
supported on a top surface of the intermediate housing 120. 
The ?rst housing 110 has a portion de?ning a bolt hole 110k, 
and the intermediate housing has a portion de?ning a 
matching bolt hole 120h. The ?rst housing and the interme 
diate housing 120 are joined together With one or more bolts 
(not shoWn) Which are inserted into the bolt holes 110k and 
120k. 
The second housing 130 has a large outer diameter portion 

130a at an upper portion of the second housing. The 
intermediate housing 120 has a small outer diameter portion 
120b at a loWer portion of the intermediate housing 120. The 
small outer diameter portion 120b of the intermediate hous 
ing 120 is inserted into the large outer diameter portion 130a 
of the second housing 130. A stepped portion 120C de?ned 
at a loWer portion of the intermediate housing 120 is 
supported on a top surface of the large outer diameter 
portion 130a of the second housing 130. The second housing 
130 has a portion de?ning a bolt hole 130h. The intermediate 
housing 120 and the second housing 130 are joined together 
With one or more bolts (not shoWn) Which are inserted into 
the bolt holes 120k and 130k. Alternatively, the ?rst housing 
110, the intermediate housing 120 and the second housing 
130 are joined With a single set of bolts Which are inserted 
into the mutually aligned bolt holes 110k, 120k and 130k. 
The ?rst housing 110, the intermediate housing 120 and the 
second housing 130 may be joined by the other suitable 
fastener means (such as a bond). 
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The input shaft 2 and the output shaft 3 are axially born 
by bearings 1a, 1b and 1c Which are mounted in the ?rst 
housing 110, the intermediate housing 120 and the second 
housing 130, respectively. These bearings permit the input 
shaft 2 and the output shaft 3 to be rotated in the housing 
110, 120 and 130. 

The input shaft 2 has an axial opening de?ning a central 
hole 2a. The torsion bar 4 is inserted into the central hole 2a. 
One end of the torsion bar 4 is attached to the input shaft 2 
via a pin 2b, and the other end of the torsion bar 4 is attached 
to an axial opening in the output shaft 3 de?ning a hole 3a. 
Lands on the torsion bar 4 engage grooves in the output shaft 
hole 3a to transmit torque betWeen the torsion bar 4 and the 
output shaft 3. 

The steering Wheel SW (not shoWn in FIG. 2) is connected 
to the input shaft 2. Rotation torque applied to the steering 
Wheel SW is transmitted in order through the input shaft 2, 
the torsion bar 4, the output shaft 3, and the rack-and-pinion 
type steering gear R and P to turn the vehicle Wheels TR and 
TL. 

The ?rst detecting member 5 is made of magnetic material 
such as sintered stainless steel. The ?rst detecting member 5 
is a part of a magnetic ?ux path of the magnetic ?eld 
generated by the detecting coils 8 and 9. As described in 
FIG. 5, the ?rst detecting member 5 is ?xed to a small 
diameter portion 33 of the output shaft 3 by press-?tting. In 
this embodiment, a top surface of a stepped portion 32 of the 
output shaft 3 does not touch the ?rst detecting member 5. 
As shoWn in FIG. 4, the ?rst detecting member 5 has a hub 

and spoke shape With an axial opening de?ning a joining 
hole 50 in a circular bracket portion 53 of the ?rst detecting 
member 5. Serrations 50a are integrally formed inside of the 
joining hole 50 When the ?rst detecting member is produced 
by sintering. The ?rst detecting member 5 and the small 
diameter portion 33 of the output shaft 3 are tightly joined 
by a compression ?t (e.g. press ?tting) aided by the serra 
tions 50a. A plurality of spokes or rods 52 project out 
radially from around the circular bracket portion 53, de?n 
ing a plurality of ?rst slots 51 betWeen the rods 52. The rods 
52 are uniformly spaced radially about the centerline of the 
joining hole 50 such that the area of the ?rst slots 51 are all 
equal to each other. 

The detecting coil 8 detects a difference of torque existing 
betWeen the input shaft 2 and the output shaft 3 based on a 
change in impedance of the detecting coil 8. As shoWn in 
FIG. 5, the detecting coil 8 faces a top surface of the ?rst 
detecting member 5. The detecting coil 8 is supported by a 
yoke 80 that surrounds the side and top surfaces but not the 
loWer surface of the detecting coil 8. The detecting coil 8 is 
?xed to the housing 1 via the yoke 80. The detecting coil 8 
generates a high frequency alternating magnetic ?eld When 
a high frequency alternating electric current, supplied by the 
electronic control unit ECU, passes through the coil 8. A 
magnetic ?ux path for the magnetic ?eld is formed in the 
?rst detecting member 5 and the yoke 80. 
As shoWn in FIG. 5, the yoke 80 comprises a top portion 

80a, an inner portion 80b, an outer portion 80c and a ?ange 
portion 80d outWardly formed at the loWer end of the outer 
portion 80c. A thickness of the outer portion 80c is thicker 
than the thickness of the top portion 80a and the inner 
portion 80b in order to minimiZe leakage of the magnetic 
?eld toWard the ?ange portion 80d. 

The detecting coil 9 is used to compensate for errors in the 
impedance measurement of the detecting coil 8 caused by 
temperature variations. The detecting coil 9 faces the bottom 
surface of the ?rst detecting member 5. The detecting coil 9 
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6 
is supported by a yoke 90 that surrounds the side and bottom 
surfaces but not the top surface of the detecting coil 9 (see 
FIG. 5). The detecting coil 9 is ?xed to the housing 1 via the 
yoke 90. The detecting coil 9 generates a high frequency 
alternating magnetic ?eld When a high frequency alternating 
electric current, supplied by the electronic control unit ECU, 
passes through the coil 9. A magnetic path of the magnetic 
?eld is formed in the ?rst detecting member 5 and the yoke 
90. 
As shoWn in FIG. 5, the yoke 90 comprises a bottom 

portion 90a, an inner portion 90b, an outer portion 90c and 
a ?ange portion 90d outWardly formed at an upper end of the 
outer portion 90c. A thickness of the outer portion 90c is 
thicker than the thickness of the bottom portion 90a and the 
inner portion 90b in order to minimiZe a leakage of the 
magnetic ?eld toWard the ?ange portion 90d. 
The ?rst spacing member 10 is made of a non-magnetic 

material. In one embodiment, the ?rst spacing member 10 is 
made of a synthetic resin (PP S), and has a tube shape. The 
?rst spacing member 10 has a pair of ?rst stepped portions 
10a and 10b formed inside of the ?rst spacing member 10. 
The ?rst stepped portion 10a is formed at the upper side of 
the ?rst spacing member 10 and receives the ?ange portion 
80d of the yoke 80. The ?rst stepped portion 10b is formed 
at the loWer side of the ?rst spacing member 10 and receives 
the ?ange portion 90d of the yoke 90. Therefore, the axial 
distance betWeen the detecting coils 8 and 9 is the same as 
the axial distance betWeen the ?rst and second stepped 
portions 10a and 10b. Also, the axial distance betWeen the 
detecting coils 8 and 9 is adjustable by changing the axial 
distance betWeen the ?rst and second stepped portions 10a 
and 10b. Also, the outer diameter of the yoke ?ange portion 
80d and an inner diameter of an upper portion of the ?rst 
spacing member 10 are approximately the same. Therefore, 
there is no radial clearance play betWeen the ?rst spacing 
member 10 and the yoke 80. An inner diameter of a small 
diameter portion of the ?rst spacing member 10 de?ned 
betWeen the stepped portions 10a and 10b is smaller than the 
inner diameters of the ?rst spacing member 10 de?ned at the 
stepped portions 10a and 10b, and is larger than the outer 
diameters of the ?rst detecting member 5 and the second 
detecting members 6 and 7. Therefore, the ?rst and second 
detecting members 5, 6 and 7 are capable of rotating Within 
the ?rst spacing member 10. 
The ?rst spacing member 10 has a pair of axial projections 

10c and 10d. The axial projections 10c and 10d are formed 
inside of the ?rst spacing member 10. These axial projec 
tions 10c and 10d ?t into complimentary axial notches 80c 
and 906, respectively, in the ?ange portions 80d and 90d. 
The axial projections 10c and 10d and the axial notches 80c 
and 906 comprises a ?rst locking member. The axial pro 
jections 10c and 10d and the axial notches 80c and 906 are 
positioned so that, When assembled a pair of harness 8a and 
9a of the detecting coils 8 and 9 are axially aligned With 
respect to each other, and are ?xed therein. Alternatively, in 
an equivalent embodiment of the ?rst locking member, the 
axial projections 10c and 10d may be formed on the ?ange 
portions 80d and 90d and the complimentary axial notches 
80c and 906 may be de?ned inside of the ?rst spacing 
member 10. 
The second spacing member 11 has a loWer ?ange portion 

11a. The loWer ?ange portion 11a is received on a stepped 
portion 120d formed inside of the large inner diameter 
portion 120a of the intermediate housing 120. The loWer 
?ange portion 11a is sandWiched betWeen the loWer end 
peripheral portion 110a of the ?rst housing 110 and the 
second stepped portion 120d. Therefore, the second spacing 
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member 11 is tightly ?xed to the housing 1. An upper tubular 
portion 11b is formed on the lower ?ange portion 11a. The 
upper tubular portion 11b has an axial opening de?ning a 
circular hole 11c. The yoke 90 is received in the circular hole 
11c. The upper tubular portion 11b is inserted into the ?rst 
spacing member 10. A top surface of the upper tubular 
portion 11b is received on the ?rst stepped portion 10b via 
the ?ange portion 90d of the yoke 10. Therefore, aXial 
relative positions of the detecting coils 8 and 9 With regard 
to the ?rst housing 110 are adjustable by changing the height 
of the upper tubular portion 11b. Also, outer diameters of the 
?ange portion 90d and the upper tubular portion 11b and an 
inner diameter of a loWer portion of the ?rst spacing member 
10 are approximately the same. Therefore, there is no radial 
clearance play among the ?rst spacing member 10, the yoke 
90 and the second spacing member 11. In addition, the 
second spacing member 11 has a portion de?ning an aXial 
notch 116 (shown in FIG. 3). The aXial notch 116 is provided 
in order to pass the electrical Wiring harness 9a out. 

The upper tubular portion 11b has a portion de?ning an 
aXial notch 11d that is complimentary to and provided for 
receiving the aXial projection 10d in the ?rst spacing mem 
ber 10. The aXial notch 11d and the aXial projection 10d are 
positioned so that, When assembled the harness 9a faces the 
aXial notch 11e. Alternatively, in an equivalent embodiment 
of the ?rst locking member, the aXial projection 10d may be 
formed on the upper tubular portion 10b and the compli 
mentary aXial notch 11d may be de?ned inside of the ?rst 
spacing member 10. 

The ?rst spacing member 10 has an aXial projection 106 
on the outer surface of the ?rst spacing member 10. The ?rst 
housing 110 has a portion de?ning a complimentary aXial 
notch 1106 provided for receiving the aXial projection 106. 
The ?rst housing 110 has a board housing 1106 (in FIG. 3) 
accommodating a circuit board (not shoWn). The aXial 
projection 10c and the aXial notch 1106 are positioned so that 
When assembled, the harnesses 8a and 9a face the board 
housing 1106. The aXial projection 10c and the aXial notch 
110C comprise a second locking member. Alternatively, in an 
equivalent embodiment of the second locking member, the 
aXial projection 106 may be formed inside of the ?rst 
housing 110 and the complimentary aXial notch 1106 may be 
de?ned on the outer surface of the ?rst spacing member 10. 

The disk spring 12 is provided betWeen a stepped portion 
110d of the ?rst housing 110 and the ?ange portion 80d of 
the yoke 80. The disk spring 12 presses against the ?ange 
portion 80d and against the stepped portion 110d. Also, the 
?rst housing 110 and the intermediate housing 120 are 
joined With bolts. As a result, the yokes 80 and 90 and the 
detecting coils 8 and 9 are tightly joined to each other. This 
maintains the aXial relative positions betWeen the yokes 80 
and 90 and the detecting coils 8 and 9. 
As shoWn in FIG. 6, the input shaft 2 has a large diameter 

portion 2c formed at the loWer side of the input shaft 2. The 
large diameter portion 2c has portions de?ning a plurality of 
aXial notches 2e and has a portion de?ning an annular notch 
2d on the outer surface thereof. At the point of intersection 
of the aXial notch 26 and the annular notch 2d, there is a 
portion de?ning a holloW 2f. On the other hand, as shoWn in 
FIGS. 8 and 9, a second detecting member 6 comprises a 
tubular bracket portion 60, a plurality of shield portions 62 
and an outer tubular portion 63. The shield portions 62 are 
also described herein and in the claims as a ?rst ?ange 
portion. The tubular portion 63 is also described herein and 
in the claims as a tubular member. The input shaft 2 and the 
second detecting member 6 are sWaged together at the 
holloW 2f by a sWaging tool so that the tubular bracket 
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portion 60 is engaged into the holloW 2f. When sWaged, the 
second detecting member 6 is held at a ?Xed position, aXially 
and radially, on the input shaft 2. 
The ?rst detecting member 5 and the second detecting 

member 6 are separated by a predetermined clearance. As 
described in FIGS. 7, 8 and 9, the second detecting member 
6 has a plurality of shield portions 62. Aplurality of second 
slots 61 are de?ned betWeen the shield portions 62. The 
number of the second slots 61 is the same as the number of 
the rods 52 of the ?rst detecting member 5; there are eight 
second slots 61 in this embodiment. In addition, the radial 
Width of the rod 52 and the radial Width of the second slot 
61 may be the same. 
The second detecting member 6 is made of conductive 

and non-magnetic material, such as aluminum. A change in 
impedance Within the detecting coil 8 is induced by varia 
tions of the over lap betWeen the ?rst slots 51 and the second 
slots 61. 
The second detecting member 7 is provided betWeen the 

?rst detecting member 5 and the detecting coil 9. The second 
detecting member 7 has an outer tubular portion 73 at the 
outer peripheral portion of the second detecting member 7. 
The second detecting members 6 and 7 are connected 
together at the outer tubular portions 63 and 73 so that the 
second detecting member 7 rotates together With the second 
detecting member 6. An inner peripheral portion of the 
second detecting member 7 does not touch the output shaft 
3. The second detecting member 7 has a plurality of shield 
portions 72. A plurality of second slots 71 are de?ned 
betWeen the shield portions 72. The number of the second 
slots 71 is the same as the number of the rods 52 of the ?rst 
detecting member 5; there are eight slots 71 in this embodi 
ment. In addition, the radial Width of the rods 52 and a radial 
Width of the second slots 71 may be the same. 

As shoWn in FIG. 7, in one embodiment, the second slot 
61 of the second detecting member 6 and the second slot 71 
of the second detecting member 7 are displaced 22.5 degrees 
With respect to each other. In addition, the radial Width of the 
shield portion 62 and the radial Width of the shield portion 
72 may be the same. In a starting position, in other Words, 
When torque is not produced in the steering shaft S, the rods 
52 are positioned so that the rods 52 completely over lap 
With both the shield portions 62 and 72. In this position, 
since the rods 52 are positioned betWeen the second slots 61 
and 71, the rods 52 do not over lap the second slot 61 nor 
the second slot 71. 
As shoWn in FIG. 9, the second detecting member 7 has 

an aXial opening de?ning a hole 74 at the center of the 
second detecting member 7. The hole 74 connects to the 
second slots 71. Therefore, the second detecting member 7 
permits aXially inserting the ?rst detecting member betWeen 
the second detecting members 6 and 7 from the loWer side 
of the second detecting member 7. The outer diameter of the 
input shaft large diameter portion 2c, Which is the largest 
outer diameter of the input shaft 2, is smaller than the inner 
diameter of the tubular bracket portion 60 of the second 
detecting member 6, the inner diameter of the joining hole 
50 of the ?rst detecting member 5, and the inner diameters 
of the yokes 80 and 90 accommodating the detecting coils 8 
and 9. Therefore, these members (the second detecting 
member 6, the ?rst detecting member 5, the yokes 80 and 90, 
and the detecting coils 8 and 9) can be assembled on the 
input shaft 2 and the output shaft 3 from the input shaft 2 end 
after the input shaft 2 and the output shaft 3 have been joined 
together via the torsion bar 4. 
A procedure for assembling each of the members of the 

electric poWer steering apparatus comprises the folloWing 
steps. 
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(i) The bearing 1b is ?xed to the output shaft 3 by press 
?tting. 

(ii) In this assembled state, the output shaft 3 is inserted 
into the intermediate housing 120 from the lower side 
of the intermediate housing 120 (see FIG. 2). At the 
same time, the bearing 1b is ?xed to the small outer 
diameter portion 120b of the intermediate housing 120 
by press ?tting. Therefore, the output shaft 3 and the 
intermediate housing 120 are capable of rotating With 
respect to each other. 

(iii) Next, the torsion bar 4 is inserted into the hole 3a of 
the output shaft 3. As shoWn in FIG. 2, the torsion bar 
4 has a spline surface on its loWer portion. The spline 
surface meshes a corresponding inside surface of the 
hole 3a. As a result, the torsion, bar 4 and the output 
shaft 3 are tightly joined together. 

(iv) Next, the torsion bar 4 is inserted into the central hole 
2a of the input shaft 2 until the input shaft 2 is 
completely inserted into the output shaft 3. In this state, 
a hole 2g is drilled into the input shaft 2 and the torsion 
bar 4 through a diameter of the input shaft 2. 

(v) Next, the input shaft 2 and the torsion bar 4 are tightly 
joined together via the pin 2b placed in the hole 2g. At 
this time, any cutting lubricants or chippings adhering 
to the input shaft 2 or the output shaft 3 from the 
drilling of the hole 2g are removed. 

(vi) The small outer diameter portion 120b of the inter 
mediate housing 120 is inserted into the large outer 
diameter portion 130a of the second housing 130. At 
the same time, the pinion P is caused to mesh With the 
rack R by rotating the pinion P until the lands and 
grooves align. 

(vii) Then, a loWer end portion of the output shaft 3 is 
inserted into the bearing 1c ?xed to the second housing 
130 by press ?tting. As a result, the output shaft 3 is 
capable of rotating Within the second housing 130 by 
means of the bearing 1c. 

(viii) The Worm Wheel 13 is ?xed to the output shaft 3 by 
press ?tting it into the intermediate housing 120. 

(ix) The loWer ?ange portion 11a of the second spacing 
member 11 is placed on the second stepped portion 
120d of the intermediate housing 120. 

(x) The detecting coil 9 is inserted into the yoke 90, and 
then the yoke 90 is inserted into the circular hole 11c of 
the second spacing member 11 so that the ?ange 
portion 90d is seated on the upper tubular portion 11b. 

(xi) The ?rst detecting member 5 is ?xed to the small 
diameter portion 33 of the output shaft 3 by press 
?tting. At this time, the ?rst detecting member is axially 
positioned Whereby a measuring sensor measures the 
space betWeen the ?rst detecting member 5 and the 
detecting coil 9. 

(xii) The second detecting members 6 and 7 connected at 
the outer tubular portions 63 and 73 together are ?xed 
to the large diameter portion 2c of the input shaft 2 by 
sWaging. As described above, the ?rst detecting mem 
ber 5 is capable of being inserting through the hole 74 
and the second slots 71 of the second detecting member 
7. Therefore, the second detecting members 6 and 7 are 
loWered onto the input shaft 2 and assembled into ?nal 
position after the ?rst detecting member 5 has been 
?xed on the output shaft 3. When the second detecting 
member 7 is positioned, the axial position of the second 
detecting member 7 is measured by a measuring sensor 
to establish a predetermined spacing betWeen the sec 
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ond detecting member 7 and the detecting coil 9. At the 
same time, the second detecting member 7 is radially 
positioned so that the rod 53 completely over laps With 
both the shield portions 62 and 72. In other Words, the 
shield portions 62 and 72 completely shield the mag 
netic ?eld generated betWeen the detecting coils 8 and 
9 and the ?rst detecting member 5. The difference of the 
value of the inductivities betWeen the detecting coils 8 
and 9 is 0 (Zero) in this position. 

(xiii) After being positioned, the input shaft 2 and the 
second detecting member 6 are sWaged together at the 
holloW 2f by a sWaging tool so that the tubular bracket 
portion 60 is engaged into the holloW 2f on the input 
shaft 2. 

(xiv) The ?rst spacing member 10 is positioned on the 
yoke 90 so that the top surface of the ?ange portion 90d 
is received on the ?rst stepped portion 10b. At this time, 
the axial notch 906 of the ?ange portion 90d and the 
axial notch 11d of the second spacing member 11 
receive the axial projection 10d of the ?rst spacing 
member 10. The harness 9a faces the axial notch 116 by 
virtue of the positions of axial notches 90c and 11d and 
the axial projection 10d. 

(xv) The detecting coil 8 is inserted into the yoke 80, and 
then the yoke 80 is inserted into the ?rst spacing 
member 10 so that the ?ange portion 80d is received on 
the ?rst stepped portion 10a. At this time, the axial 
notch 806 of the ?ange portion 80d receives the axial 
projection 10c of the ?rst spacing member 10. The 
harnesses 8a and 9a are aligned With each other by 
virtue of the positions of the axial notch 80c and the 
axial projection 10c. Electric leads from the detecting 
coils 8 and 9 are droWn out through the axial notch 11. 
In addition, the spacing betWeen the yoke 80 (the 
detecting coil 8) and the yoke 90 (the detecting coil 9) 
is properly maintained by virtue of the spacing betWeen 
the ?rst stepped portions 10a and 10b. In this 
con?guration, the small diameter portion 33 of the 
output shaft 3 is not covered by the intermediate 
housing 120. In other Words, When the torque sensor TS 
(i.e., the detecting coils 8 and 9 and the ?rst and second 
detecting members 5, 6 and 7 etc.) is in position on the 
input shaft 2a and the output shaft 3, a gap remains 
Where the torque sensor TS is positioned. This 
improves assembly of the torque sensor TS. 

(xvi) The disc spring 12 is positioned on the ?ange portion 
80d. 

(xvii) Then, the ?rst housing 110 is positioned so that the 
disc spring 12 is compressed betWeen the stepped 
portion 110d of the ?rst housing 110 and the ?ange 
portion 80d of the yoke 80. At the same time, the input 
shaft 2 is inserted into the bearing 1a ?xed to the ?rst 
housing 110 by press ?tting. So positioned, the input 
shaft 2 is capable of rotating Within the ?rst housing 
110 by means of the bearing 1a. The loWer end periph 
eral portion 110a of the ?rst housing 110 is inserted into 
the large inner diameter portion 120a of the interme 
diate housing 120. The ?ange portion 110b is received 
on the top surface of the large inner diameter portion 
120a. So assembled, the yoke 80, the ?rst spacing 
member 10, the yoke 90 and the second spacing mem 
ber 11 are tightly joined to each other betWeen the disc 
spring 12 and the second stepped portion 120d. The 
axial notch 1106 of the ?rst housing 110 receives the 
axial projection 106 on the ?rst spacing member 10. 
The axial notch 110C and the axial projection 10c result 
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in the harness 8a and 9a facing the board housing 1106 
of the ?rst housing 110. In this state, the ?rst housing 
110 and the intermediate housing 120 are joined With 
bolts. Alternatively, the ?rst housing 110, the interme 
diate housing 120 and the second housing 130 may be 
joined by a single set of bolts inserted through holes 
110k, 120k and 130k. 

(xviii) Finally, the electric motor M is positioned so that 
the Worm shaft 14 is caused to mesh With the Worm 
Wheel 13 by rotating the Worm shaft 14. The electric 
motor M and the intermediate housing 120 are joined 
With bolts (not shoWn). 

Next, operation of the electric poWer steering apparatus 
Will be described. When the torque sensor TS described 
above is in the starting position, that is When there is no 
torque produced in the steering shaft S, the shield portions 
62 and 72 completely shield the magnetic ?eld generated 
betWeen the detecting coils 8 and 9 and the ?rst detecting 
member 5. Therefore, the difference of the value of the 
inductivities betWeen the detecting coils 8 and 9 is 0 (Zero). 
When the input shaft 2 is subjected to a torque by turning 

the steering Wheel SW, the torsion bar 4 tWists With increas 
ing torque as the torque is transmitted to the output shaft 3. 
As the torque increases, the rods 52 of the ?rst detecting 
member 5 extend more and more into the second slots 61 of 
the second detecting member 6. This causes eddy currents to 
be generated in the rods 52 Which, in turn, changes the 
impedance of the detecting coil 8. Conversely, as the torque 
increases, the rods 52 extend more and more into the shield 
portion 72 of the second detecting member 7. This causes 
eddy currents generated in the rods 52 to be reduced Which, 
in turn, changes the impedance of the detecting coil 9. Thus, 
an increase in applied torque in one direction causes the 
impedance of the detecting coil 8 to increase and, 
simultaneously, causes the impedance of the detecting coil 9 
to decrease. 

The difference betWeen the value of the impedance of the 
detecting coil 8 and the value of the impedance of the 
detecting coil 9 is calculated by the electric control unit 
ECU. The difference in impedance is used to calculate the 
value of the electric current provided to the electric motor 
M. The difference value is compensated for errors in the 
detecting coil 8 impedance caused by variations of the 
temperature. In addition, the difference value is approxi 
mately tWice the single impedance value of the detecting 
coil 8 or 9. Consequently, the accuracy of torque detected by 
the detecting coils 8 and 9 is increased. 

Advantages of the electric poWer steering apparatus of 
this embodiment Will be described. The outer diameter of the 
large diameter portion 2c of the input shaft 2 is smaller than 
the inner diameter of the tubular bracket portion 60 of the 
second detecting member 6, the inner diameter of the joining 
hole 50 of the ?rst detecting member 5, and the inner 
diameters of the yokes 80 and 90 accommodating the 
detecting coils 8 and 9. Consequently, these members (the 
second detecting member 6, the ?rst detecting member 5, the 
yokes 80 and 90, and the detecting coils 8 and 9) can be 
assembled on the input shaft 2 and the output shaft 3 from 
the input shaft 2 end after the input shaft 2 and the output 
shaft 3 have been joined together via the torsion bar 4. This 
improves the assembly of the electric poWer steering appa 
ratus because the drilling and pinning assembly step can be 
completed, and drilling lubricants and shavings cleaned up, 
before the sensitive electronic torque sensor components are 
installed. Also, the second detecting members 6 and 7 are 
?xed to the input shaft 2 together, thereby simplifying this 
assembly step. 
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Because the second detecting member 7 has the hole 74 

connected to the second slots 71, the second detecting 
member 7 permits axially inserting the ?rst detecting mem 
ber betWeen the second detecting member 6 and 7 from the 
loWer side of the second detecting member 7. As a result, 
after the ?rst detecting member 5 is ?xed to the output shaft 
3, the second detecting members 6 and 7 connected via the 
outer tubular portions 63 and 73 can be inserted onto the 
input shaft 2, after Which, the second detecting members 6 
and 7 are ?xed to the input shaft 2 so that the ?rst detecting 
member 5 is sandWiched betWeen the second detecting 
members 6 and 7. This improves the assembly of the second 
detecting members 6 and 7. 
The input shaft 2 and the second detecting member 6 are 

sWaged together at the holloW 2f by a sWaging tool so that 
the tubular bracket portion 60 is engaged into the holloW 2f. 
This improves Workability of making ?ne adjustments of the 
spacing betWeen the second detecting coil 8 and the second 
detecting member 6, and the spacing betWeen the second 
detecting coil 9 and the second detecting member 7. Because 
the second detecting member 6 and the input shaft 2 are 
joined together after adjustments, an axial displacement 
betWeen the input shaft 2 and the second detecting members 
6 and 7 and a radial displacement betWeen the ?rst detecting 
member 5 and the second detecting members 6 and 7 are 
prevented. 

The ?rst spacing member 10 determines the axial spacing 
betWeen the detecting coils 8 and 9 by being assembled 
betWeen the yokes 80 and 90. This improves fabricability by 
controlling the spacing betWeen the yokes 80 and 90 (the 
detecting coils 8 and 9). Fixing the yoke 80 to the ?rst 
housing 110 is unnecessary because the yoke 80 is received 
on the ?rst stepped portion 10a of the ?rst spacing member 
10. Accordingly, all of the members of the torque sensor TS 
can be installed before installing the ?rst housing 110. 
As described above, it is preferable to install the torque 

sensor TS onto the input shaft 2 and the output shaft 3 after 
the input shaft 2 and the output shaft 3 are joined together. 
This is because cutting lubricant and chippings generated by 
drilling the hole 2g can be cleaned up before the sensitive 
torque sensor TS is positioned onto the input shaft 2. If the 
torque sensor TS is installed before joining the input shaft 2 
and the output shaft 3, the torque sensor TS may become 
dirty With the cutting lubricant or the chippings. Thus, the 
electric poWer steering assembly of this embodiment, Which 
permits the input shaft 2 and the output shaft 3 to be joined 
together before providing the torque sensor TS, prevents 
cutting lubricant or chippings by the drilling of the hole 2g 
from adhering to the torque sensor TS. 
The axial notches 80c and 90c and the axial projections 

10c and 10d are provided betWeen the yokes 80 and 90 and 
the ?rst spacing member 10 Which ensures the harnesses 8a 
and 9a are aligned to each other. Additionally, the axial 
projection 10d and axial notch 11d are provided betWeen the 
?rst spacing member 10 and the second spacing member 11, 
Which ensures that the harness 9a faces the axial notch 116 
of the second spacing member 11. Furthermore, the axial 
projection 10c and the axial notch 110 are provided betWeen 
the ?rst spacing member 10 and the ?rst housing 110, Which 
ensures the harness 8a and 9a face the board housing 1106 
of the ?rst housing 110. These notches and projections 
improve the assembly of the electric poWer steering appa 
ratus. 

The yokes 80 and 90 are ?xed to the housing 1 by means 
of the ?ange portions 80d and the 90d of the yokes 80 and 
90 Which are respectively received on the ?rst stepped 
portions 10a and 10b. The ?ange portions 80d and 90d 
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project from the outer portions 80c and 90c. Fixing the 
yokes 80 and 90 Within the housing 1 by compressing only 
the ?ange portion 80d and 90d minimizes the compression 
stress throughout the remaining portions of the yokes 80 and 
90. Consequently the top portions 80a and 90a, the inner 
portions 80b and 90b and the outer portions 80c and 90c do 
not have a varying internal stresses ?eld. This lack of an 
internal stress gradient improves the magnetic qualities of 
the yokes 80 and 90 in the portions important to directing the 
magnetic ?eld generated by the coils 8 and 9. Therefore, 
even though, the ?ange portions 80d and 90d are pinched 
betWeen the disc spring 12 and the ?rst stepped portion 10a 
and the betWeen the ?rst stepped portion 10b and the upper 
tubular portion 11b of the second spacing member 11, 
internal stress of the top portions 80a and 90a, the inner 
portions 80b and 90b and the outer portions 80c and 90c do 
not change. Accordingly, an improved accuracy of the 
detecting torque is obtained. 

The yokes 80 and 90 are ?xed so that the ?rst spacing 
member 10 is positioned betWeen the ?ange portions 80d 
and 90d, and pressed betWeen the disc spring 12 and the 
second spacing member 11. Accordingly, the yokes 80 and 
90 are ?xed to the housing 1 Whereby only the disc spring 
12 is provided betWeen the ?ange portion 80d and the 
stepped portion 110d of the ?rst housing 110 Without chang 
ing the internal stress of the portions 80a, b, and c and 90a, 
b, and c of the yokes 80 and 90. The disc spring 12 prevents 
a displacement of the yokes 80 and 90, and thus the detecting 
coils 8 and 9. 

The yokes 80 and 90 are ?xed to the housing 1 via the 
second spacing member 11 so that the ?rst spacing member 
10 is sandWiched betWeen the yokes 80 and 90. Accordingly, 
the axial positions of the second detecting members 6 and 7 
and the yokes 80 and 90 (the detecting coils 8 and 9) With 
regard to the ?rst detecting member 5 can be adjusted by 
changing the design of the second spacing member 11 
Without changing the design of the housing 1. 

While the present invention is described on the basis of 
certain a preferred embodiment, it is not limited thereto, but 
is de?ned by the appended claims as interpreted in accor 
dance With applicable laW. For example, according to the 
previously described preferred embodiments of the present 
invention, although the input shaft 2 and the output shaft are 
joined via the pin 2b after the output shaft 3 is ?xed to the 
intermediate housing 120, the input shaft 2 and the output 
shaft 3 may be joined together before the output shaft 3 is 
?xed to the intermediate housing 120. This Would prevent 
cutting lubricant or chippings by the drilling of the hole 2g 
from adhering to the intermediate housing 120. Also, the 
housing 1 may be separated into tWo pieces or four or more 
pieces. Also, although the second detecting members 6 and 
7 are connected together, the second detecting member may 
be formed from one piece. 

This application relates to and incorporates herein by 
reference in its entirety Japanese Patent application No. 
2001-383568, ?led on Dec. 17, 2001, from Which priority is 
claimed. 
What is claimed is: 
1. An electric poWer steering apparatus comprising: 
a ?rst shaft; 
a second shaft; 
an elastic member having a ?rst end and a second end, the 

?rst end of the elastic member connected to the ?rst 
shaft and the second end of the elastic member con 
nected to the second shaft; 

an electric motor for generating steering assistance poWer, 
the electric motor having an output shaft; 

a Worm shaft connected to the output shaft of the electric 

motor; 
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14 
a Worm Wheel provided on the second shaft, the Worm 

Wheel meshing With the Worm shaft so that steering 
assistance poWer is transmitted from the electric motor 
to the second shaft; 

a ?rst detecting member provided on the second shaft, the 
?rst detecting member being made of magnetic mate 
rial and having a plurality of radial notched portions 
de?ning ?rst slots, the ?rst slots provided on at least 
one side of the ?rst detecting member so that the ?rst 
slots are spaced around the ?rst detecting member; 

a pair of second detecting members provided on both 
sides of the ?rst detecting member so that the ?rst 
detecting member is axially sandWiched betWeen the 
second detecting members, the second detecting mem 
bers being made of conductive and non-magnetic mate 
rial and having a plurality of radial notched portions 
de?ning second slots so the second slots are spaced 
around the second detecting members, the second 
detecting members being coupled to the ?rst shaft; 

a pair of detecting coils axially provided on both sides the 
?rst detecting member and the second detecting mem 
bers so that the set of the ?rst detecting member and the 
second detecting members are sandWiched betWeen the 
detecting coils, the detecting coils capable of detecting 
a variation of torque generating betWeen the ?rst shaft 
and the second shaft based on a change in impedance 
of the detecting coils Wherein the change in impedance 
is due to a variation of an over lap betWeen the ?rst slots 
and the second slots; 

a pair of yokes made of magnetic material, each of the 
yokes accommodating one of the detecting coils so that 
each yoke partially surrounds the one of the detecting 
coils; and 

a housing accommodating the ?rst detecting member, the 
second detecting members, the detecting coils, and the 
yokes; 

Wherein the yokes are ?xed to the housing, and 

Wherein the largest outer diameter of the ?rst shaft is 
smaller than each of inner diameters of the ?rst detect 
ing member, the second detecting member and the 
yokes. 

2. An electric poWer steering apparatus according to claim 
1, Wherein the second detecting members are connected to 
each other and permit inserting the ?rst detecting member 
betWeen the second detecting members from one side of the 
second detecting members. 

3. An electric poWer steering apparatus according to claim 
2, Wherein: 

the ?rst detecting member comprises a circular bracket 
portion connected to the second shaft and a plurality of 
rods radially connected to the circular bracket portion, 
and the detecting coils generate a magnetic ?eld, and 
Wherein: 
one of the second detecting members comprises a 

tubular bracket portion connected to the ?rst shaft 
and a ?rst ?ange portion connected to an end of the 
tubular bracket portion, 

the other of the second detecting members comprises a 
second ?ange portion, 

a tubular member connects to an outer peripheral 
portion of the ?rst ?ange portion and an outer 
peripheral portion of the second ?ange portion, 

the second slots are de?ned on the ?rst ?ange portion 
and the second ?ange portion, 

the second ?ange portion has an axial opening at a 
center of the second ?ange potion, the axial opening 
de?ning a hole such that the hole is capable of 
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receiving the second shaft and the circular bracket 
portion into the hole, and 

the second slots of the second ?ange portion and the 
hole are continuously connected to each other so that 
the rods can be inserted into the second slots of the 
second ?ange portion. 

4. An electric poWer steering apparatus according to claim 
2, Wherein the ?rst shaft has a portion on an outer annular 
surface of the ?rst shaft that de?nes a holloW, the tubular 
bracket portion has a portion that de?nes a sWaged portion, 
and the ?rst shaft and the second detecting member are 
sWaged together at the holloW and a sWaged portion. 

5. An electric poWer steering apparatus according to claim 
1, further comprising a spacing member provided betWeen 
the yokes, the spacing member positioning the detecting 
coils so that the spacing member maintains an axial spacing 
betWeen the detecting coils. 

6. An electric poWer steering apparatus according to claim 
5, Wherein the spacing member has a stepped portion that 
receives the yokes. 

7. An electric poWer steering apparatus according to claim 
6, Wherein the spacing member has a large inner diameter 
portion Whose diameter is approximately the same as an 
outer diameter of the yokes, and a small inner diameter 
portion Whose diameter is smaller than the large inner 
diameter portion and is larger than an outer diameter of the 
?rst detecting member. 

8. An electric poWer steering apparatus according to claim 
1, Wherein the housing comprises a ?rst housing located 
approximately about the ?rst shaft and a second housing 
located approximately about the second shaft. 

9. An electric poWer steering apparatus according to claim 
8, further comprising: 

a ?rst locking member provided betWeen the yokes and 
the spacing member, the ?rst locking member prevent 
ing a relative shift betWeen the yokes and the spacing 
member; and 

a second locking member provided betWeen the spacing 
member and the ?rst housing, the second locking 
member preventing a relative shift betWeen the spacing 
member and the ?rst housing. 

10. An electric poWer steering apparatus according to 
claim 9, Wherein the ?rst locking member is a ?rst projection 
on either of the yokes or the spacing member and a portion 
de?ning a complementary ?rst axial notch on the spacing 
member or the yokes; and 

Wherein the second locking member is a second projec 
tion on either of the spacing member or the ?rst housing 
and a portion de?ning a complementary second axial 
notch on the spacing member or the ?rst housing. 

11. An electric poWer steering apparatus according to 
claim 8, further comprising a disk spring provided betWeen 
the ?rst housing and one of the yokes. 

12. An electric poWer steering apparatus according to 
claim 1, Wherein the housing comprises a ?rst housing 
located approximately about the ?rst shaft, a second housing 
located approximately about the second shaft, and an inter 
mediate housing located betWeen the ?rst housing and the 
second housing. 

13. An electric poWer steering apparatus according to 
claim 12, further comprising a spacing member provided 
betWeen the yokes and the intermediate housing, the spacing 
member positioning the yokes so that the spacing member 
maintains an axial spacing betWeen the yokes and the 
intermediate housing. 

14. An electric poWer steering apparatus according to 
claim 13, Wherein the intermediate housing has a stepped 
portion that receives the spacing member. 

15. An electric poWer steering apparatus according to 
claim 14, Wherein the spacing member is positioned 
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betWeen the ?rst housing and the stepped portion of the 
intermediate housing. 

16. An electric poWer steering apparatus according to 
claim 12, Wherein the ?rst detecting member is covered by 
the ?rst housing and not covered by the intermediate hous 
m . 

g17. A method of assembling producing an electric poWer 
steering apparatus comprising the steps of: 

connecting a ?rst shaft to an end of an elastic member; 
connecting a second shaft to the other end of the elastic 

member, the second shaft having a Worm Wheel; 
thereafter assembling an electric motor for generating 

steering assistance poWer, the electric motor having an 
output shaft and a Worm shaft connected to the output 
shaft of the electric motor, the Worm Wheel meshing 
With the Worm shaft so that steering assistance poWer is 
transmitted from the electric motor to the second shaft; 

installing a torque sensor on the ?rst shaft and the second 
shaft, Wherein the torque sensor comprises: 
a ?rst detecting member provided on the second shaft, 

the ?rst detecting member being made of magnetic 
material and having a plurality of radial notched 
portion that de?nes ?rst slots, the ?rst slots provided 
on at least one side of the ?rst detecting member so 
that the ?rst slots are spaced around the ?rst detect 
ing member; 

a pair of second detecting members provided on both 
sides of the ?rst detecting member so that the ?rst 
detecting member is axially sandWiched betWeen the 
second detecting members, the second detecting 
member being made of conductive and non 
magnetic material and having a plurality of radial 
notched portions that de?nes second slots so the 
second slots are spaced around the second detecting 
members; 

a pair of detecting coils axially provided on both sides 
of the ?rst detecting member and the second detect 
ing member so that the ?rst detecting member and 
the second detecting members are sandWiched 
betWeen the detecting coils, the detecting coils 
capable of detecting a variation of torque generating 
betWeen the ?rst shaft and the second shaft based on 
a change in impedance of the detecting coils Wherein 
the change in impedance varies according to a varia 
tion of an over lap betWeen the ?rst slots and the 
second slots; and 

a pair of yokes made of magnetic material, each of the 
yokes accommodating one of the detecting coils so 
that each yoke partially surrounds the one of the 
detecting coil; and 

attaching a housing accommodating the ?rst detecting 
member, the second detecting members, the detect 
ing coils, and the yokes, 

Wherein the yokes are ?xed to the housing, and 
Wherein the largest outer diameter of the ?rst shaft is 

smaller than each of inner diameters of the ?rst 
detecting member, the second detecting member and 
the yokes. 

18. A method of claim 17, Wherein the second detecting 
member is assembled after the ?rst detecting member is 
installed on the second shaft. 

19. Amethod of claim 17, further comprising the steps of 
sWaging the second detecting member onto the second shaft. 

20. A method of claim 17, Wherein the torque sensor 
further comprises a spacing member betWeen the yokes, the 
spacing member positioning the detecting coils so that the 
spacing member maintains an axial spacing betWeen the 
detecting coils. 


